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'I. INTRODUCTION

The Department of Transportation is charged with the responsibility
of maintaining highways and bridges within the state system. This
maintenance function necessitates periodic blast cleaning of seg-

" ments of the transportation network. During this blasting operation,

pollution, in the form of a plume of airborne particles, is usually
generated. The sources of these particles are the abrasive being

used and the surface material being removed. During the last five

years, open dry blasting has been both hindered and curtailed in
various areas of the state by peollution ordinances, This has

.oreated an environment of uncertainty both within the Department

of Transportation and within the contracting industry. Recent
contract bids have been unusually hlgh as insurance against
poasible delaya and adverse ‘rulings.

To resolve the current situation, the California Air Resources

Board has adopted performance standards for blast cleaning ébrasives.
Provisions have been made for amending those standards by adding
gpecifications to restrict the use of hlgh dust~generating abrasives
for open, dry blasting,

Initial state~financed research performed in this area of abrasgive
evaluation (expenditure authorization 643142) was completed and the
results submitted to the "Committee on Air Pollution Standards for
Abrasive Blasting Operations" on August 12, 1974. The Committee
indicated satisfaction with the general approach to evaluation of

blasting media friability but reguested that further work be

performed with certain suggested technical modifications of the
tegting procedure. The results of this testing are documented

" herein.
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II. CONCLUSIONS, RECOMMENDATIONS, AND IMPLEMENTATION

It was concluded that there are three characteristics of abrasives
which influence the amount of fine particulate matter that is
discharged into'the air during open dry blast cleaning operations.
The firat is cleanness, the amount of fine dust in the abrasive

as produced. The second is friability, the tendency of the
abrasive particles to'chip and break during handling and blasting,
which is related to their mineral properties. The third charac-

teristic is the particle size of the abrasive, as the finer grades

of abrasives break and chip into correspondingly smaller particles.,

The following statements are based on the findings of this work.
It is recommended that theéy be included in future regulations for
abrasive material used for dry, open abrasive blasting operations.

1. No more than a trace of an abrasive material shall pass a
U. S. Standard No. 70 sieve prior to being blasted.

2. -Abrasive material tested in accordance with the procedures
given in Tentative Test Method No., Calif. 371-A shall
contain not more than an average of 2,0 percent by weight
of f£ive micron or‘smaller particles for three individually
tested samples, Aléo, no individual sample shall contain

 more than 2.5 percent by weight of the five micron or
smaller particles., '

wavwfastio.com
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. ' | III. DISCUSSION

Test Procedure and.Equipmeﬁt Developmenﬁ

The primary purpose of this work was to determine the quantity
of abrasive material introduced into the atmosphere during a
typical abrasive blasting operation. The guidelines establishing
what represents a typical blasting operation were to be determined
by the "Committee on Air Pollution Standards for Abrasive Blasting
Operations" (Committee) which reports to the California Air
Resources Board., After two Sub-committee meetings and one full
Committee meeting, with industry representatives present, tenta-
tive blasting criteria were establighed. These included 1) the use
of a 3/8 inch diameter venturi style nozzle (Clem¢o #CFSD-x-6),
2) 100 psi nozzle pressure and 3) a nild steel impingment plate
oriented perpendicular to the nogzle axis at a distanceé of approx-
imately two feet from the nozzle tip. Abrasive was to be shot

. at the rate of 1200 pounds per hour. _Additional criteria ware

' 1) to minimize any fracturing of the particles due to secondary

impacts with the chamber walls, 2) to collect all the material -
blasted, and 3) to minimize the moisture and oil content of the
compressed blaéting air. |

Using the designated criteria, two blasting chamber dasigns were
prepared along with scale models of each. Also prepared was a
tentative test procedure for abrasive friability evaluation. The
models of the proposed test chambers and the tentative test procedure
were submitted to the full committee on November 26, 1974 for their
review and approval. After eight hours of discussion by the
committee and representatives of the blast cleaning industry, one

of the chamber designs was selected, Minor modifications of the
tentative testing procedure were also requested. The final test

procedure accepted is designatéd as "Test Method No, Calif, 371-aA",

ClibPDF - www .fastio.com
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'Equipment Fabrication and Preliminary Testing

The test chamber was fabricated within a period of two months by
the Trangpeortation Laboratory Machine Shop. Simultaneously, a
Clemco SCW-1028 sand pot was modified in that its 1/2 inch diameter
lines were replacead with 1-1/4 inch pipe. In lieu of a variable
con;roi abragive feed valve, provigion was méde for replaceable

- fixed=-gize abrasive feed orifices. The completed blasting

chamber and sand pot are shown in Fiéuras 1l and 2.

Following fabrication of the equipment, initial shakedown testing
was performed to develop a standardized testing procedure. A

" feed rate of 1200 lbs/hr ¢f abrasive was used during this initial

testing. The pot was sllghtly choked to achieve this feed rate.
Appropriate orifice sizes, pot choke rates, and the minimum
'1mp1ngment plate thickness were determlned during this initial

'n teating. Modmflcatlons were also made in the after-blasting

sample retrieval system to eliminate any loss of airborne fines.
These modificétions consisted of replacing the pipe cap design,

""" which had been modeled after the U. S. Navy's blasting apparatus,

ClinPDF
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with ball valves and sample~bad mounts.

" The exhaust air fllterlng system was also modified. Initially,

heating and coollng gystem high efficiency air filters with 6.6
sqg. ft. gurface area and rated for 1100 C.F.M. were used. These
were difficult to extract the sample from and clogged during the
blastingrperiod. " A cotton-sateen air bag was then fitted to the
exhaﬁat air vent. The air bag's 30.5 sq. ft. of surface area
did not clog, was hlghly efficient, and was easy to clean after
each blaltzng test. '

Upon completion of shakedown tea;ing, the full Committee assembled
on Marxch 11, 1975 to observe a_demonstration of the blasting

chambex. Aftér observiﬁg the equipment and after much discussion,
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Figure 1. Abrasive Blasting Chamber

Figure 2, Abrasive Blasting Chamber
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the Committee aecidedlto'amend the testing criteria to, in their
judgement, more closely simulate typical field conditions. The
abrasive feed rate was reduced from 1200 pounds per hour to

600 pounds per hour and the choked abrasive feed condition was
changed to a gravity feed arrangement from the abrasive pot.
Also,.it was further requested that the testing of all abrasives
begin immediately and be conducted as quickly as possible.

Blast testing of the abraSiVes was immediately begun using the
600 pounds per hour rate but it was found that the abrasive
flow rate was'inconsistent.' That is, the total shooting time
would sometimes be less when using smaller orifices than when
using the larger ones. This necessitated that the testing be
digcontinued.

During an examination of the equipment, it was suspected that the
location of the main air supply wvalve might be creating a tur-

| bulent air condition ét the pressure equalizing inlet to the
abrasive pot. The main air supply valve was then moved five feet
up the air supply line towards the compressor to permit the
dissipation of any turbulent action due to the valve prior to
entering the abrasive pot plumbing. This eliminated the incon-
sistent abrasive flow rate problem and testing was resumed.

Abrasive Procurement

The Caommittee directed the Air Resources Board stafif to solicit
abrasive samples for testing purposes from all the abrasive
suppliers disﬁributing materials in California. Fifteen abrasive
suppliers were contacted and fourteen responded with a total of
fifty-three grades of abrasives. The majority of the samples
were five hundred pounds each. The forty-nine samples received
during the period September 20, 1974 to April 4, 1975 were
testad for cleanness and friability. The remaining four samples

ClibhPD wawvwy fastio.com’
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‘xeceived after blast testing was ddmpléted on April 4, 1975 will

not be tested as part of this'projact.

Laboratory Procedures —-- Pre-Blasting

Upon xreceipt of the samples, approximately two hundred pounds of

‘each grade was separated for testing with the remainder stored

aa'back—up material. The two hundred pound samples ware dried
at 120°F to a constant weight. They were then split into grading

and specific gravity samples, and into three 25,000 gram blasting

samples. The specific gravity and grading were determined at
that time using Test Method Nos. Calif. 202-G and 208-B, and
the blasting samples retained in sealed polyethylene bags for
later blast testing. When the Committee regquested the reduced
abrasive blasting rate of 600 pounds per hour, the three 25,000
gram sampleS'for each of the previously split thirty-niine materials.
were :ecombined and resplit into four 18,750 gram éamples. ‘This
yielded an additiohal sample for back-up testing if necessary
and, éombined with the reduced feed rate, increased the total
sample blasting time 50%, which had been limited by the abrasive
pet size at the 1200 lbs/hr rate. The materials réceived after
the Committee requested the 600 pound per hour rate were split
into 18,750 gram samples directly. | '

Also, the nine materials which reguired retesting due to the
inconsistent abrasive flow rate were split directly into 18,750

gram samples after drying.

Blast Testi@g

Each of three 18;750 gram samples was shot until,exhausted. Each

was shot at a different feed rate which was set by using fixed size

feed orificesg in the abrasive feed at the sand pot. The orifice

sizes chosen for each abrasive were based on feed rate information
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obtalned durlng prellmlnary teatlng and the actual testlng as it

‘progressed, The three feed ratea weze approximately 15 to 25%

overfeed, standard feed (600 lbs/hr) and 15 to 25% underfeed. The
fourth 18,750 gram sample‘was shot in-the event an error was

made in test procedure ox in the feed rate. The gamples were

shot through a 3/8 inch diametex venturi style nozzle at 100 psi
nozzle presgure and 1mpacted agalnst a replaceable flat mild

steel plate located twenty—three inches from the nozzle tip.

The 1mplngment plate was changed after each test so that each
sample was shot against an unblasted surface. The impingement
plate was weighed'before and after shooting to determine the grams
of gteel abraded, Each sample, after being shot, was sealed in a

]s;ngle sample bag and retalned for later mechanlcal analysis.

" Post~Blasting Gradation Determination -

‘“'Apprdximately two hund:ed samples were blasted. This includes

the preliminary testing Samplés,'thdse”samples shot during which

. "tesfing errors were made,‘ahd the one hundred and fifty-seven

samples éhosen to represent the forty-nine abrasives evaluated.
Three or four samples of each abrasive were selected for particle
analysis., The aamples weie each split into two 105+ 10 gram samples
and one 250 + 25 gram sample. One of the 105 + 10 gram samples was
retained in the event that back-up testing might be necessary.

The other two'éamplesAWare examined for moisture and grading in
accordance with the pfeceduras outlined in Test Method Nos. Calif.

203-C "Maethod of Test for Mechanical Analysis of Soil" and 202-G

"Method of Teste fox Sieve Analysis of Fine and Coarse Aggregates”.

The data obtained appeared to have inconsistencies and, after
further examination, it was found that Test Method No. Calif,
203-C as written did not provide the degree of accuracy required.

- The test method is used for classification of soils which possess

sigﬁificantly higher percentages of fines. For soils, this yields
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. a greater affective depth of ‘the hydrometer in the solution and a
shoxter settling distance for soils than for the abrasives examined,
Since Test Method No. Calif. 203-C incorporates a shortcut procedure

. ~ and is solely used for soils clagsification, it was found to be

' inappropriate for testing of the abrasives, Therefore, the second
group of 105+ 10 gram samples which had been retained as back-up
samples was examined using the procedures presented in ASTM D-422-63,
Particle Size Analysis of Soils, Hydrometer readings for those .
abragives with a specific gravity of 2.6 to 2.7 ware taken at the

'following approximate times: 4, 8, 16, 30, 60, 120, and 240 minutes.
Those abrasives with a specific gravity greater than 2,7 were read
at 3, 6, 12, 30, 60, 120, and 240 minutes. This yielded the infor-
mation necesgsary to calculate and plot a grain size accumulation
curve for each sample for a range of approximately three to twenty-
five microns. The hydrometer readings were visually'estimated'

to the nearest one-tenth of a percent The error 1ntroduced at
thle point is estimated at plus oy minus two-tenths of a percent,

. That is, a reading taken as 1.6 percent would have a true reading
within the range of l.4 percent to 1.8 percent° Some of this error'
was minimized when plotting best fit graln 512e accumulatlon curves
through the points. '

Data Analysgis

The gradaﬁidn information obtained from both the sieve analysis and
' the mechanical analyais for each of the samples for each abrasive

was used to plot percent paesing'versus,shboting time curves. An

example of this iS'presented in Figure 3, with percent passing

on’ the vertical axis and shooting time on the horizontal axis.

The particle sizes are represented ln U. 8. Standard Sieve sizes

for larger. partlcles and in micron 5121ng for the smaller partlcles,
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Particle Size
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, L ; et —200

4 5
Shootlng time - mlnutes/18 750 grams

Flgure 3. Gradatlon_vs. Shootlng Tlme

' so that all the abrasmves might be compared at the same shooting

rate, the after—blastlng gradatlon was picked from these curves
where they - intersected with a shooting time ‘of four minutes and
tenlseconds. nThis shooting time corresponds to a blasting rate
of six hundred'pounds of abrasive per hour for an 18,750 gram

. sample,

-The abras;vea Were grouped into elght matarlal types u51ng infor-
“mation obtamned from the manufacturers. For discussion purposes

a summary of the before and after blastlng gradation for twenty-

two typical abrasions is presented in Table l., A complete tabulation
‘of the before and after blastlng gradatlon data is presented in
the Appendlx 1n Table A=1.

'The grams of steel abraded from.aach lmplngment plate during the
"blastlng Was also plotted agalnst shooting time in a manner
- identical to that used for the gradation. The abrasion value

¢orreapdnding to a four minute and ten second shooting time is

" also presented in Table 1.

10
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Tablé 1l - Selected Typical Abrasives -

. Gradation and Abrasion Loss Results
Parcent Pagsing Percent Smaller _
Material Before Blasting After Blasting Grams Steel
' #50 #70 #100 20 10 5 °~  Abrasion
- Ocean Sands _ ' : -
#1 0 0 0 4.1 2,0 1.0 6.2
#5 1 0 0 5,1 2,6 1.3 9.5
#6 2 0o 0 7.0 3.2 1.5 9.9
#9 -3 0 -0 7.0 3.5 1.7 le.5
#13 i 1 0 7.7 4.0 1.9 15.7
#16 R 51 3 1 7.6 3.8 2.0 17,2
#18 21 4 0 8.8 5.0 2.0 17.6
#10 _ 14 6 . 2 10,0 5.1 2.6 l8.2
#23 60 . 18 2 1l0.6 5.3 2.6 18,2
Silica Sands S B
#25 L v 0 6.4 3.3 1.7 19.2
$24 4 2 i 7.6 5.1 3.0 15,0
#28 54 28 il 9.8 5.0 2.6 26.0
#29 80 42 13 10.8 5.6 2.6 23.1
- " Nickel Siags . o :
4 S #34 0 0 0 2.5 1.0 0.3 28.9
.' #35 1 0 0 3.0 1.3 0.4 35.8
Copper Slags - :
#36 1 0 .0 2.5 1.1 0.3 -37.0
#37 5 4 3 4.0 1.9 0.6 26,7
#38. 6 4 4 3.6 2.0 1.0 27.2
. Bteel Slaygs '
#42 6 2 A 2.5 1.0 0.4 39.5
%48 0 1] 0 4.6 1.8 0.5 32,1
- #46 9 3 -1 3.0 1.4 0.5 45.4
#45 7 1 -0 4.3 3.0 2.2 41.9
11
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' To facilitate the analys;a, the data in Table A~1 was assembled

in numérous rank orders. These rank orders were functions of the
abrasion loss values, before-blasting gradation, and after-blasting
gradation, for various particle Sizes. An examination of the

ranked data indicated a number of relationships. One significant
finding was that those natural abrasives which contained more than

& trace of particles passing a No. 70 U. S, Standard Sieve before
blasting had significantly'more 5 micron and gmaller material after
blasting than did those natural abrasives which did not contain

the passing No. 70 méterial'before blasting. It was also noted

that the natural abrasives produced, on the average, two to three
times more 5 micron material than that produced by the slag abrasives.
The 5 micron and smaller particles were the primary size evaluated
as they form the bulk of the air pollution considered most hazardous
to health accorxding to members of the California Air Resources Board
staff. This is due, at least in part, to the tendency of these very
small particles to remain in suspension in the ailr for extended
periods of time and, as such, to be inhaled into raspiratory systems.,

The silica sands, due to their angular shape, abraded considerably
more steel from the impinément'piates than the other sands; however,
they also tended to produce a greater percentage of 5 micron material

- than the other sands. One exception to this was the natural grain

Ottawa Sand which is spherical shaped and produced no measurable
5 micron material; hoWevef, abrasion 6f the steel plate was only
50% of that abraded using.a éimilarly‘graded silica sand. It
should be noted that abrasion of a steel plate placed perpendicular
to  the axis of the blasting nozzle does not necessarily reflect
removal rates for paihts and coatings normally removed by blast
cleaning. This is due to the fact that coatings are removed by

a combination of chipping and abrading with the nozzle normally
positioned at a 70°-80° angle to the surface being cleaned. How-
ever, it is felt thét the steel abraded from the impingment plate
is indirectly related to the abrasive's coating removal ability.

12
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The data in Table 1 also support the finding in previous work

- that, for a given material, the greatest factor affacting dust

generation is the initial sizing of the abrasive. The finer the
initial sizing, the greater the percentage of 5 micron size material.

The results of this work and these findings, as they becvame
available, were reported to the i'c::,mmittee on Air Pollution
Standards for Abrasive Blasting Operations™, during a series of
8ix meetings from April 15, 1975 to May 27, 1975,

13
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TABLE A~1

ABRASIVE GRADATICON BEFORE AND AFTER BLASTING AND ABRASION LOSS

' L F Grams, Stael
Material ) #68 | w10 | #12 | #16°] #20 | #25 [ #30 | #40 | #50 {470 | #200 | #200 | 204 llon [5ia Abrasion
Quean Sands:
50-60% (uartz
35-40% Feldapar
10§ Others .
1 Bafore 00| a9 62 19 2 1 [} :
After . 100 98 94 89 85 71 57 44 3z 1e 4.1 | 2,0 | 1.0 6.2
2 Bafora wo | 92 67 25 11 7 6 4 2 ¢ | :
Aftex 100 97 94 30 85 72 58 46 34 30 4.2 1 2.0 | 1.0 6.8
3  Bafore 100 99 43 s 1 2 1] 1 i3
After 100 98 35 92 79 64 52 38 22 4,9 | 2.3 | 1.0 7.4
4 Bafore L00 77 17 3 1 1 0
After 160 99 57 95 B5 71 56 42 24 5.1 | 2.7 | 1.4 9,2
5 Before 100 | 8o | - 22 6 4 2 1 0
Aftax 100 99 97 95 B4 69 54 49 23 5.1 | 2,6 | 1,3 9.5
& Bafore 100 8L 2p 13 10 S 2 0
After : 100 35 98 96 85 72 58 44 26 7.0 | 3.2 | 1.5 9,9
7 Bafore 100 93 36 6 2 1 1 0 ’
After 100 98 97 88 75| 59 45 26 6.0 | 2.8 | 1.2 9,8
8 Before . 190 93 60 29 18 5 1 0 R
After 100 .| 99 97 89 75 60 43 24 5.9 | 3,0 ] L.z 13.3
9  Before | 1o0 3] g6 | 72 60 22 3 0 '
Aftax ce 99 99 95 83 1] 51 28 7.0 | 3.5 | 1.7 16.5
10 Before 100 99 93 82 70 32 14 6 2 0
hfter 100 99 96 g8 76 60 36 | 10,0 | 5.1 | 2.8 18,2
11 Before 100 51 17 7 1 0
After , 100 99 98 91 78 62 46 27 6.0 | 2.8 | 1,2 10.7
12 Bafore 100 78 45 20 | 2 0
Aftur 100 99 94 8l 66 49 28 6.6 { 3.4 | 1.6 12,7
13 Bafore 100 8) 59 41 20 8 1 0
Aftax ) 100 99 95 86 72 55 3z 7.7 | 4.0 | 1.9 15,7
14 Before 140 a7 14 26 [ 2 [+]
After ) ] loo 98 96 84 69 52 30 7.2 | 3.5 | 1.6 14,0
15 Bafore 100 95 82 67 22 3 0 .
After 100 99 36 85 69 51 28 | 7.5 | 3.8 | 1.5 16.8
16 Befora 100 96 87 | 75 44 15 3 1 0 '
Aftor 100 99 97 38 75 56 31 7.6 | 3.8 | 2.0 17.2
L7 Bafore 100 99 73 39 § I [}
After ) . 100 | 95 B4 68 51 29 6.5 | 3.1 [ 1.4 15.0
18 Before 100 99 | 93 74 40 21 4 ]
After wo | 97 89 77 60 36 8.8 | 5.0 | 2.0 17.6
19 Bafore . 100 97 86 35 4 [
Aftar 100 98 49 73 54 30 7.2 | 3.6 | L.6 17,2
20 Befoxe 1090 98 34 | M 29 |5 | o
Aftar 100 39 92 78 58 32 7.0 | 3.8 | 1.6 21.8
21 Baefora : 100 98 43 16 2 0 ’
After 100 99 83 80 62 36 B.6 | 4.3 | 1.9 18.2
22 Bafora 100 98 62 20 4 b3 0
After i 100 99 93 82 62 35 7.8 | 3.9 | 1.7 18.5
23 Bafore . lo¢ -99 60 18 2 0 :
. : After ] . : 100 98 89 70 39 ['10.6 | 5.3 | 2.6 18,2
A-1
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TABLE A=l (Continued)
ABRASIVE GRADATION BEFORE AND AFTER BLASTING AND ABRASION LOSS

- - - - ey
i ! lGrams, steel r
Material 88 | N10 | 12 | ¢16 | #20 | K25 | #30 | 440 | #50 | 870 [ #2100 1#200 2004 [0 5\ | Abresion |
Il T
Silica Sands: i \ f
- 90-100% Quartz ‘ ;
0-10% Othars ! i
24 Bafera 100} 94 65 | .22 10 8 7 6 4 2 1 0 !
After \ 1lo¢ 98 95 92 80 67 54 ar ' 25 7.6 | 5.1 | 3.0, 1ls.0 !
25 Befora wo | 98 | 75} 25 | 12 7 2 1 ) I i
After 100 38 96 8 74 60 45 1 286 6.4 | 3.3 [ 1.7! 19.2 .
26 Befora wo | 93 | 68 | 47 | 1s 5 2 10 [
After 100 99 96 BE 72 I 55 32 6.4 | 3.0 | 1.3 25.5 |
27 Before 100 99 95 78 8 1 0 | ‘
After 100 97 78 57 3g 25 11 2,3 0 0 13,3
28 Before ) -| 100 87 54 28 L4 o |
: . Aftex 100 98 92 | 771 45 9.8 | 5.0 ; 2.6 26.0
iR 2% Before o log 80 42 13 1 L i
g After 100 98 93 78 ; 45 l10.8 ! 5.6 2.6, 231
Crughaed Rock: :
30 Bafore 100 97 62 31 17 9 2 1 o . '
Aftar . 100 98 91 84 78 | 61 47 35 26 17 | 4.8 2.5 1,31 2.5 _
Garnat: L :
—_—— v ] !
31 Bafore ‘ 100 75 46 28 3 0 ,
: After - 100 96 86 41 - 66 52 40 | 28 14 2.7 . k-0 0.3 27.7
R Nickel Slagsg . .
2. Befora wo | 95 | 70 | 17 2 | 1| o |
After 100 | 99 96 g1 86 70 55 42 a1 16 3.2 | 1.5 } 0.6 ! 9.4
33 Bafora 100 | 96 78 3g 14 § , 2 0 |
Aftay 100 99 9§ 50 B85 &7 51 37 27 14 | 3.2 1.6 | e.s 14.0 |
3¢ Bafore 100 98 60 31 12 1 0
After : 100 99 98 96 83 66 49 | 34 17 2,5 | 1,0 | 0.3 28.9 T
35 Bafore B log 94 64 41 8 1 4
after 100 99 97 86 70 51 35 17 3.0 | 1.3 | 0.4 35.8 _1‘
‘Coppex_Slaga: .
<36 Bafore .| 00| B9 96 77 44 26 17 4 i 0 .
After 100 98 2% 91 76 59 44 30 15 2.5 | 1. | 0.3 i7.0
37 Bafora 100 91| .43 18 12 ] 6 5 4 3 2 i
Aftar 100 97 90 86 79 63 48 36 26 14 4.0 | 1.9 | o.s 26.7 .
38 Bafoxe 100 81 32 20 14 8 6 4 4 .3
After | 100 99 93’ 86 79 64 47 35 25 14 3.6 | z.0 | 1.0 27,2
39 Bafore . 100 94 70 51 37 13 2 | o :
After 100 95 96 93 81 63 47 32 16 2,7 | 0.8 | 0.2 42.0
- 40 Before 00 |94 [ T 52 | 37 13 2 0
: After 100 99 56 $3 [ 81 63 46 aL 15 2.8 | 1,2 | 0.5 42,8
41 Pafore 100 99 76 53 39 14 7 5 4 3 ;
Aftar - 100 87 89 84 79 63 49 3g 27 15 2,8 | 1,3 | 0.6 za.s‘ﬁ__'
Steel Slage: . .
42 Bafora 91| 80 69 59 439 41 32 15 & 2 1 [ ;
Aftar 100 99 57 |. 83 89 BS 73 59 45 a2 16 2.5 | 1.0 | 0.4 39.5 |
43 Before 98| ‘o2 B4 74 64 52 42 20 8 3 1 o : !
Aftax | 100 g9 | o8 9§ 92 89 77 63 439 a5 17 2.7 1.0 | 0.2 43.5 {
44 Befora 100 | 99 90 45 16 8 4 1 1 0 i
Aftex L0 | .98 92 85 .{ 81 64 49 36 25 13 2,9 1,7 | 0.7 41,1 \
45 Bafoxe ‘ ioo 99 24 79 66 55 27 7 1 0 ) .
Efter oo .| xo0 as 98 96 85 66 43 26 | a1z 4.3 | 3.0 | 2.2 41.9
46 Before 100 96 76 61 47 22 S © 3 1. 0
After 100 a8 97 94 83 69 54 38 19 3,0 | 2,4 | 0.5 45.4
47 Befora 109 99 93 ‘66 41 1z 2 0
After 100 99 98 50 5 60 4z 21 3.8 | 2.1 | 0.8 43,0
48 Bafoxa 160 87 57 33 3 [-o0 . .
After 100 95 85 71 51 | 26 | 4.6 | 1.8 [ 0.5 32.1 ]
Rock Wool By-Product )
49 Bafore 160- | 98 77 31 12 7 1 g
Aftaer 100 97 93 ‘88 79 59 44 30 15 3,7 | 146 | 048 25,0
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